In this paper we analyse some distributional effects of the reforms of water and energy services in Italy. We first document the new regulation setting in these services, illustrating the dynamics of utility prices and of household expenditure in the period 1998-2005. We then propose a way to measure the affordability of public utilities, in order to investigate how many households would incur a potentially excessive burden, if they consumed a minimum quantity of utility services. Finally, we calculate this index on data from the 'Survey on Family Budgets'. Our results show how the affordability of utility bills varies from region to region depending on climate, income, family endowment and size. The analysis -also based on a counterfactual exercise -finds that so far, utility reforms do not seem to have produced any negative effects on weaker households.
Introduction
In Italy, as in other European countries, regulatory reforms of public utilities have been implemented since the beginning of the Nineties. Progress in European integration, technological development and the deterioration of public finances have been the main driving forces of this process. Moreover, the importance of competition as a factor which fosters price decreases and promotes efficiency has been more widely recognised, while the natural monopoly and competitive elements are more clearly distinguished. Sometimes, there has also been a change in ownership from public to private hands.
Public utilities are often essential services and fairness considerations make it particularly desirable that prices are affordable. Indeed, as a household's expenditure in utility services increases with income, but less than proportionally -the elasticity of demand to income is positive, but typically very low -tariff changes produce relevant distributional effects.
Therefore, reforms must strike a balance between the pursuit of efficiency and equity.
In this paper we firstly document the development of Italian liberalisation reforms in water and energy and we present the dynamics -in the period 1998-2005 -of prices and household expenditure for these utilities. We then propose a definition of "utility affordability", and we investigate whether there is an affordability problem for public utilities in Italy, how this problem varies in different areas and how it has developed after the introduction of the reforms.
Our results show that in this period water prices have increased substantially, while changes in energy prices remained below the dynamics of available cost indices. The number of households which have affordability problems seems to vary from year to year depending on price changes (in particular, the price of gas). This number in 2005 was lower than in 1998. We then carry out a "counterfactual" analysis, in an attempt to compare the actual result to what may have happened without the reforms. The result of this exercise is that utility reforms and the behaviour of the regulators seem to have been effective tools to defend consumers. This analysis mainly contributes to two research areas. The first investigates the effects of regulatory utility reforms on households. The distributional impact of reforms in specific utility sectors was assessed by Wolak (1996) for US telecommunication, by Waddams Price and Hancock (1998) and Waddams Price (2005) for UK energy markets, by Gòmez-Lobo (1996) for the UK gas market.
1 McKenzie and Mookherjee (2003) analyse the effect of privatisation and 1 Florio (2004) analyses more general welfare consequences of the whole UK privatisation programme.
3 restructuring of private utilities in four Latin American countries, showing how the effects on consumers were quite mixed, but usually favourable. This literature has not treated recent Italian regulatory reforms in the public utility sector and we aim to fill this gap, investigating the most interesting cases of basic utilities for households such as water, natural gas and electricity. 2 In these sectors, the public concern for the consumers is strong, but reforms have established the principle that prices should cover costs but additionally that firms should be given an incentive to be more efficient. This quite naturally raises a question of whether consumers suffer from the elimination (or reduction) of public subsidies, or rather benefit from greater efficiency, and of how these possible costs and benefits are spread across the population.
Our paper also contributes to the definition of an affordability measure for utility services consumption. Several papers and government reports highlight that it is very difficult to define suitable indicators to describe how many households are unable to afford a minimum quantity of these essential utilities. Basically, this is because such issues emerge from the interaction of many factors, such as low income, high prices, high fuel consumption (possibly due to poor thermal efficiency of housing 3 ), or to climatic conditions, which affect both fuel and water consumption.
Operationally, the British Government 4 assumes that "a household is in fuel poverty if, in order to maintain a satisfactory heating regime, it would require to spend more than 10% of its income on all household fuel use" (DEFRA, 2001 ). Referring to water affordability, in 1999 the British Government firstly suggested "for illustrative purposes" to look at the number of households that spend more than 3% of their budget on water bills: this threshold is about the 1999/00 average ratio of the expenditure on water charges over income of the households in the three lowest-income decile groups. The US Environmental Protection Agency (1998) documents the use of different water affordability thresholds ranging from 1% to 2.5%. In both the UK and the US definitions, the thresholds do not refer to any minimum quantity of water considered necessary to avoid health risks and social exclusion.
2 Italian liberalization reforms also affected postal services, telecommunications, and transport that we have excluded here. Postal services are little used by families (and only slightly more by firms). Telecommunications are heavily liberalised, and competition -although limited by the presence of a dominant firm -operates quite widely, and consumers benefit from considerable service improvements as well as price decreases. This can now be considered a competitive sector (although with notable imperfections) where social concerns takes a secondary role. Public transport is however way behind, both locally and nationally. Restructuring of the train service has only just begun, with mainly cosmetic interventions on the dominant firm, absence of clear regulation (prices are still set by a Governmental body with very obscure criteria), and only an embryo of competition for the market; public subsidies in this sector are still widespread, and market orientation is a principle present only on paper. 3 See Healy (2001) for a cross country comparison of the relative importance of these factors. 4 See Sefton (2002) for a detailed discussion of the cost-effectiveness of the British Home Energy Efficient Scheme.
To the best of our knowledge, there is no official definition of water affordability and fuel poverty in Italy. To fill this gap, we have started our analysis by estimating the average family expenditure for water, gas and electricity on the data of the official Survey on Family Budgets:
such figure amounts to 5-6% of family's total expenditure and varies both with income and with climatic conditions. Moreover, while electricity prices for small consumers are nationally uniform, the variability of water and gas prices across Italian regions is very substantial.
Given this heterogeneity, we have proposed a definition of an affordability index, which we differentiate by family size and climatic area. More precisely, we identify regional specific reference expenditures which refer to the standard consumption of poor households in different climatic areas. We show that about 15% of Italian families face an affordability problem for at least one of the services considered. Given the minimum consumption level defined by the affordability line at the beginning of the period considered, we then investigate how the phenomenon of utility poverty evolves over time due to price and income variability. This indicates that over the period 1998-2005 the restructuring of Italian utilities has not damaged consumers, especially in the energy sectors. We document that this finding is robust to the strategy adopted to measure the welfare changes of the consumers
We finally run a counterfactual analysis, trying to predict how prices would have changed, had they followed the same price rules in place without the reforms, which were a mixture of cost-plus and of simple indexing to inflation. Although based on several assumptions, this simulation allows us to build counterfactual affordability indices on the basis of counterfactual prices. This shows that the number of families with affordability problems would have been higher, had the reforms not been implemented.
Our results also contribute to the widespread debate on the effectiveness of utility reforms in Europe and elsewhere 5 . In the first place, we document the difficult combination of European Directives and national implementation plans, where local constraints play a major role. The presence of a national regulator for energy stands in sharp contrast with the highly decentralised price setting regime for water services -and our results confirm that the former structure is considerably more effective. Moreover, we show how regional differences should be used to make affordability analyses more accurate. Finally, the Italian case has the advantage of starting from a heavily controlled system, such that prices without reforms could be highly predictable, 5 See Domah and Pollitt (2001) and Joskow (2006) as examples of the numerous contributions on the theme.
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and the counterfactual analysis proves free from several shortcomings which affect other attempts.
The paper is organised as follows. Section 2 briefly describes the development of the liberalisation reforms in Italy and the new regulation for the water and energy sectors. Section 3 illustrates the Italian data and the first descriptive analysis of utility prices and household expenditure in the period 1998-2005. Section 4 describes the methodology of our analysis and introduces the affordability index we use. Section 5 shows the main results on the distributional effects of utilities reforms, while Section 6 contains the counterfactual exercise. Section 7 presents some policy implications and concludes the paper.
Utility reforms in Italy
The privatisation and liberalisation of utility sectors started in Italy with a degree of caution, given that this country has been traditionally attached to public ownership of utilities and direct control of services. Let us first briefly discuss the fundamental features of the reforms of the Italian water, electricity and gas sectors, focussing mainly on how these reforms have affected price changes and showing trends in utility prices.
Water
The water service in Italy has always been considered a local public service, and only since 1990 -with Law 142/90 -could the service be provided by limited companies. The sector is extremely fragmented, and data have always been little more than approximations, but it is reckoned that in 1996 about 8,100 independent subjects were managing at least one part of the water service in Italy (from abduction to purification and disposal). 6 Since 1945, water prices have been determined locally and approved at a national level; traditionally, they have been extremely low and were adjusted to a very limited extent until 1974-75, when high inflation led to a cost-plus regulatory system. Since the second half of the 80s, water tariffs increased in waves: between 1984 and 1987 they were determined according to planned inflation, while between 1987 and 1994 -given the large deficits of local managing bodies -they were allowed to grow at a greater rate to recover the cost of service.
In 1994, the Italian water and wastewater services system was thoroughly reformed by Law 36/94 (the so called "Galli Law") to give water companies better incentives for efficient production and pricing. The key elements of this reforming law were a) the functional integration of all the activities of the water cycle into an "integrated water service"; b) Moreover, half of them implemented the new tariff system, while the remaining still adopted the Government's (CIPE) tariff system.
According to the reforming law, the new tariff was adjusted with a price-cap mechanism that limited annual increases of the ATO average tariff and allowed the concession to cover the cost of capital and have a return on investment. In particular, the tariff scheme incorporated operating costs (net of a 0.5-2% annual efficiency gain), including depreciation of assets and a 7% return on investment. Thus, the new tariff applied the "full cost recovery principle", whichalong with the high level of investment planned for the whole integrated water service 10 -caused substantial increases in tariffs.
Energy

Natural gas
The main feature of the Italian market for natural gas is the presence of a strong dominant firm (Eni). The Italian liberalisation plan (Law 164/00) was approved in August 2000. Although the decree contains several relevant elements, those likely to have a direct impact on prices are the following:
In order to restrain the market power of the dominant firm, only a legal separation of the different activities within the Eni group was decided, which however left the dominance of Eni 7 For a detailed description of the Italian water reform see Muraro (2001) 8 Details about the latter system can be found in Section 6.
9 For a discussion see OECD (2004), p.119-121; Muraro and Valbonesi (2003) .
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unchallenged. Third parties could have access to infrastructure on the basis of tariffs defined by the regulator according to a non-discriminatory and cost reflective standard. Mild antitrust ceilings were introduced in the interim period of liberalisation (no operator can inject more than 75% of total gas consumption into the national transport network -a threshold to be gradually reduced to 61% in 2010 -or sell more than 50% of total gas consumption to final customers).
Since January 2003, all customers are eligible and the market is completely open.
The transition towards a genuinely competitive environment is extremely slow. This is due to the existence of long term contracts which still allows the incumbent to control the market. The partial unbundling of the Eni group that operates in all industrial segments, maintaining an extremely high market share in each, is the most pervasive problem in the liberalisation process. Moreover, given the almost total dependence of Italy on imports, the link between energy and foreign policy remains strong. In distribution, concentration has increased through mergers and the gradual disappearance of direct service provided by local authorities.
Out of the 732 distributors active in 1997, in 2006 little more than 300 survive.
Although the timetable of demand opening has been quick, only in late 2004 has some competition for small customers been effectively started in certain areas. Therefore, the authority still maintains price control for small customers (lower offers are allowed). Since 2001, final prices are regulated with a price cap (RPI-x) revised every four years. The price formula is aimed at covering all costs from wholesale to local distribution, and it contains uplift elements, which aim at compensating firms for "unpredictable" events and at rewarding them for their activities of demand control and for quality improvements.
Electricity
Until 1999 the Italian electricity market was characterised by a vertically integrated dominant firm, Enel, with a dominant position in all market segments. In the downstream segment some small, local public utilities were present, especially in large cities in the centrenorth of the country. All customers before 1999 were forced to buy electricity from their local distributor at a uniform national tariff.
The implementation of the EC Directive on electricity was given by Law 79 in February 1999. Access to the transmission network is now open to third parties on the basis of conditions set by the regulatory Authority. 11 Since 2004 the wholesale market has been organised as a competitive pool market, along the initial British example. In order to reduce Enel's market power upstream, no firm is allowed to own more than 50% of total installed power or to sell more than 50% of total energy, including imports. Therefore, Enel formed three companies which have been sold in public auctions.
Between 1997 and 1999 all prices were still set administratively, but in this period the previous price system was "cleaned up", eliminating certain subsidies and clarifying the complex structure of charges and surcharges. Since 2000, large customers (defined as "eligible") face free final prices, while prices to small customers are subject to a price cap set by the national Authority (RPI-x) with uniform national prices. The thresholds for eligibility were established to accelerate the process of market opening relative to the dates set in the Directive.
Since July 2007, all customers will be eligible, although domestic ones are "protected" by a regulated price cap.
Since 2004, prices in the wholesale segment are free. Since January 2000, prices of distribution and transmission are regulated according to a RPI-x system with an automatic passthrough of wholesale price increases to final prices to non-eligible customers. Distributors selling energy to non-eligible customers must buy the energy for these customers through a
Single Buyer, a State controlled body.
Utility prices
While in electricity small customers still face the same price nationally, there are some relevant regional differences for other utilities. collected by a face-to-face interview (plus a weekly diary) during which the households are asked whether the house they live in has potable water, electricity and heating (if yes, the technology adopted and fuel used). Households have to provide information about the amount of the latest bill for electricity and natural gas, and on the expenditure during the three months before the interview for water, other fuels (LPG, kerosene, diesel oil, coal and wood) and centralized heating. Data on ordinary and extraordinary maintenance works are collected for the three months before the interview. Information on main and secondary residences are clearly separable.
The ISTAT data allow us to assign (almost) every household to its region of residence, but not its city. Therefore, we only use variables defined at a regional level to describe climate conditions and infrastructural endowments. This is a limitation for our data, because more detailed information on the place of residence would allow us to understand the climate the household has to cope with and the infrastructure endowment it could exploit. 14 Since 1998, ISTAT provides local price indices for total expenditure for all the capitals of the administrative regions, and water, heating gas and diesel indices for 14 out of 20. We consider these indices as 11 representative of price dynamics for the whole region. We therefore use local price indices where available, and refer to the national price indices when the local information is missing.
Utility expenditure across Italy
Given that fuel and water consumption strongly correlate with climate conditions, much of the statistics we present are conditional on climatic regions. We operate on the basis of the official Degrees-days index, 15 and we group the 20 administrative regions into four classes:
1. warm regions, with average degrees-days index not greater than 1300 (Campania, Sicily 
, where T t is the average external temperature for day t. The index is produced by ENEA (National Body for Energy and Environment) at municipal level and it is the official index the authorities look at to define the periods when households are allowed to use their heating systems. We calculate a regional index as the weighted average of municipal indices, with weights given by municipal population. 16 Miniaci, Scarpa e Valbonesi (2005) , p.22, tab. 5.1.
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Moreover, concerning household technological endowment, the Survey on Family Budgets shows that almost all households have a fridge and a washing machine, while other appliances are not so common, which might cause heterogeneity in energy consumption. In 2005, only 1.6% of the families in the cold area use room-specific appliances to heat their houses, while this fraction amounts to 32% in the warm area; about 80% of the heating systems in the cold area use natural gas, and more than one half of the households rely on joint production of heating and hot water, in the warmer regions, the use of LPG, coal, wood and electricity for heating is widespread, and the electric boiler is used by more than 50% of the households to heat the water. The percentage of households with a dishwasher is 42% in the cold area and only 19% in the warm; finally, about ¼ of households own an air conditioning system in the warm and in the cold area, versus a 13% in the cool area. Table 1 provides a picture of total household expenditure based on our calculations, like other tables unless otherwise specified, 18 and specific expenditure for water, electricity, natural gas and other fuels (LPG, heating gasoil, coal and wood), in 2005. We always calculate the statistics on utility expenditure considering only those households that reported some expenditure at the interview. 19 While water and electricity are used by almost 100% of the population we divide the users for gas and fuels between those for which natural gas is the main source of heating and the others (which may however use gas for cooking and/or as secondary heating sources).
The living standards of the areas result are differentiated greatly: in 2005, the average expenditure per capita in the northern cold regions is 72% higher than in the (southern) warm part of Italy. These differences are not necessarily reflected in utility expenditure: in 2005, individuals in warm regions spent about 17% less for water than individuals in the cold area, but about 10% more in electricity. When we consider heating fuels expenditure, the average per capita expenditure for heating in the cold area was 2.3 to 3.5 times the one in the warm area, depending on fuel type. 18 We follow the official definition of economic consumption, and therefore we refer to total expenditure, net of any mortgage refunds, life insurance and private pension premium, and expenditure for extraordinary maintenance works. 19 For natural gas and electricity the amount of the last bill is asked (whenever it was paid), but for water and other fuels the households are asked to report the amount spent during the last 3 months. As the billing frequency is not controlled by the consumers, we can consider the statistics computed for the sub-sample of respondent with positive expenditure to be consistent estimates for the whole sample of users. Family size is crucial to understand to what extent households can exploit "economies of scale". This is particularly true in our case as utilities are mainly devoted to the production of (intrahousehold) public goods, such as lighting and heating. Considering Italy as a whole, the 2005 per capita expenditure for water in a 4 member family was only 65% of the per capita expenditure of a couple. The same ratio was 72% for electricity, 55% for natural gas and other fuels (see Miniaci et al. (2005) for further details). But the total expenditure of larger households is higher, and all utilities have increasing block tariffs, so that larger households may face higher marginal prices. When we consider the dynamics of utility expenditure between 1998 -2005, we also have to take into account three relevant changes during this period. First of all, a greater diffusion of 14 natural gas: currently, more than 92% of the Italian population is reached by the gas network.
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Second, among those served by natural gas, various households changed their heating systems from other fuels to natural gas: overall, the percentage of households using heating diesel to heat their homes more than halved between 1998 and 2005, while the fraction of households using natural gas for heating increased from 63.5% to 72.8% during the same period. Third, the composition and size of the stock of electric appliances owned by households changed over time: the fraction of families using air conditioning increased from 7% to 23%, while the percentage with an electric boiler changed from 30.1% to 21.9%.
In Table A1 in the Appendix we analyse households' expenditure both in current and in constant 1998 prices. We deflate the expenditure in each utility with the commodity specific price index 22 . We use local consumer price indices for total expenditure, and, where available, for water, gas and diesel. We use the national consumer price index for electricity (as we have a single national price) and for those regions for which local information are not available.
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The figures at 1998 prices show that in 2005, total per capita expenditure in utilities is 4%
higher than the 1998 expenditure. Electricity is both the only utility whose expenditure almost regularly increased since 1998, and whose weight on the family budget increased most in real terms (from 1.4 in 1998 to 2.0 in 2005, see Table A2 )
Methodology
The analysis in Section 3.1 clearly indicates that an approach to the affordability problem based on a unified national criterion for all regions runs the risk of introducing large biases. Here, we suggest a way to incorporate regional differences into the analysis, and to define a plausible minimum threshold. Therefore, we first need to define the minimum "reference" expenditures.
We have two possibilities: a) to adopt the absolute poverty framework and refer to medical and/or physical parameters to define the minimum quantity of service; b) to work in a relative poverty framework, and thus define the minimum quantity as that considered acceptable not to be "socially excluded".
21 Between 1997 and 2002 , the number of households served by natural gas networks increased by 33% in Calabria, 21% in Molise and Sicily, 18% in Puglia, 16% in Basilicata, and 12% in Trentino Alto Adige. Data from Ref (2004) . 22 For "other fuels" we calculate the expenditure at 1995 prices using the "other liquid fuels" CPI if diesel oil or LPG, and the total expenditure CPI for coal and wood.
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The first option, adopted in Britain for the definition of fuel poverty 24 , is difficult to apply to Italy as there are no households surveys useful to estimate a reference basket in physical terms.
We therefore follow the second approach. In order to build an index to measure affordability for public utility services, we then proceed in three steps. 
where n A is the total number of households living in the area. Thus, A t AP is a headcount index in which the value of the potential bill is area specific, while the threshold is nationally defined.
It takes into account the fact that climatic conditions, technological endowments and household production economies of scale may vary across different areas, but at the same time is not affected by the differences in income across areas.
Notice that we do not consider whether the actual consumption of a household is affordable or not, but whether the standard quantity ,98 nA i q -which could be larger or smaller that the quantity actually consumed by the household i of size n -could be purchased without budget problems. In doing so, we avoid including those households which spent a lot due to "above standards" (given their size) consumption levels among the "households with affordability problems". In the same way, we instead include households with "underconsumption", a phenomenon which may characterize poor households who spend little because of tight budget constraints.
The index
A t AP is useful for the specific policy measures of each utility service. It highlights when, where and to what extent households face an affordability problem for a specific utility. In this way, it would allow policy makers to target local assistance programmes or tariff reshapes better. However, note that the index A t AP , like all headcount indices, does not provide any information either on the intensity of the affordability problem, or on the distribution of losses or gains over the whole population. In order to provide a complete picture of the evolution of the affordability issue we also analyse the full distribution of the potential bill to total expenditure ratio and compare it across time and areas. 
The affordability problem in Italy
Defining the thresholds
Our reference basket is defined as the median expenditure for the utilities, conditional on family size and area of residence, of those households falling below the (national) relative poverty line. The cost of that basket is then updated each year using current prices. Table 4 below reports the values of the reference baskets in 1998. It is worth stressing that these are the median monthly expenditure of relatively poor households, and that more than 80% of these households have pre-school children and/or a pensioner and/or a housewife. That is, we can consider these as representative expenditure of a low income household with intensive home use. With this definition, the amount considered socially acceptable for heating in the cold area is more than the double of the corresponding amount for the warm area, the standard electricity consumption is the highest in the warm area and the water reference expenditure is almost constant across all areas.
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To obtain the threshold shares, to which we defined the affordability headcount index, we calculate the ratio between the amounts in Table 4 and total family expenditures and take its median value for those households falling below the national relative poverty line. Table 5 shows these estimates, which can be read as follows: a family is in fuel poverty if the ratio between its reference expenditure for heating -see Table 4 -and its total expenditure is above 3.15%. Compared to other thresholds (see Frankhauser and Tepic, 2006 ) the figures in Table 5 are remarkably lower. Standard benchmarks are 10% for electricity, in the 2.5-5% interval for water and they range from 6% to 20% for heating. These differences can be due to the fact that most of these thresholds refer to developing or transition (low-income) countries and they are not caused by the choice to use a reference expenditure. In fact the corresponding median budget shares for actual utility bills are very close to those in Table 5 : 1.4% for water, 3.1% for electricity, 3.4% for gas and 7% for total utility bill. As any threshold choice is debatable, we provide evidence that none of our main results depends upon this threshold.
The measurement of the affordability problem
Having defined the reference expenditure in utility services and the appropriate affordability thresholds, we can now see how the problem evolved. According to our definition, in 1998 about 6.4%, 7.2% and 10.2% of Italian households were in water, electricity or fuel poverty respectively (see Table 6 ), the overall potential utility bill was unaffordable for 6.3% of the households. Overall, about 3.1 million households (14.8% of the households; 7.1 million individuals, 13.1% of the population) had an affordability problem with at least one of the utility considered, 915,000 living in the warm regions, 1,314,000 in the cold ones (see Table A6 in Appendix) 25 .
19 Seven years later, in 2005, only 5.2% and 4.7% of the households were in water and electricity poverty respectively, while 11.9% had affordability problems with heating. Overall about 3.4 million households (14.7% of the households; 7.6 million individuals, 13.2% of the population) were facing an affordability problem with at least one of the utilities, 789,000 living in the warm regions, 1,658,000 in the cold ones.
The fraction of households facing a potential affordability problem varies with family size and area: in 2005 about 9% of the households in the warm regions were "utility" poor, while this fraction was less than 4% in the cold area; heating was a problem for about 16% of the households of the cool and cold areas, but for less than 7% of the family in the rest of the country. The potential electricity bill was unaffordable for more than 17% of households in the warm area while it was almost always affordable for those living in the cold regions; water bills were a problem mainly in the warm and tepid area (see table A5 for further details).
The affordability of the total reference utility bill improved over time: it was hardly affordable for 6.35% of households in 1998 and for 5.6% in 2005. This improvement came after a dip between 1998 and 2001, mainly due to the increase of the index for the heating services. Figure 4 shows the relationship between the affordability problem index calculated for each utility and its national relative price (relative to CPI). The affordability indices of electricity and heating are positively and strongly correlated with the relevant utility's relative price, while this is reversed for water.
Comparing the affordability levels in heating, water and electricity for the different Italian regions (aggregated as cold, cool, tepid and warm areas) in 2005 with those recorded in 1998 (see Table A4 and Table A5 in Appendix), we find that the largest relative increase was for heating in the warm area (the percentage of households with affordability problems almost 20 doubled); while the largest improvement was electricity in the cold regions (from 1.4% to 0.4%). Looking at the total utilities bill, all areas have fewer households with affordability problems: the affordability headcount indexes reduced 5% in the warm and cold areas and more than 20% in other regions. The analysis so far started from a given threshold, defined on the basis of the median consumption of poor households. In order to show that these conclusions are qualitatively robust to different specifications of the thresholds, we now show the distributions of potential and actual expenditures in different utilities and areas. Figure 5 allows us to analyse the total utility bill, while the situation for each utility is considered in the Appendix. 
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Comparing the whole distributions of the potential bill to total expenditure ratios, we can appreciate losses and gains during the period, and to see whether these changes affected the whole population or only part of it. In Figure 5 we compare the 1998 and the 2005 estimated cumulative distribution functions of the , ,98 / nA nA i t i jt p q E ratios, the vertical lines correspond to the utility specific thresholds i r . The headcount index we have used so far corresponds to the difference (vertical distance) between 1 and the value of the cumulative distribution function at i r . Thus, Figure 5 can be read as follows: for each value of the "potential bill to total expenditure" ratio , ,98 / nA nA i t i jt p q E , at which the 1998 curve is above the 2005 curve, the fraction of households with an affordability problem increased, that is the utility affordability worsened.
The estimated 1998 and 2005 curves are such that either the two almost overlap (Figure 5 ), or they do not cross each other (as in the case for electricity, Figure A2 , and water and heating in the warm area, Figure A1 and A3). In the first case, we can say that the households welfare did not change during the period for that utility and that area. In the second case, one distribution dominates the other. The potential electricity bill has become more affordable for all households, for households living in the warm area water has become more affordable but less so for heating. Considering total utility expenditure, in Figure 5 , as the curves overlap we can conclude that there were no significant changes in affordability between 1998 and 2005. Similar figures conditional on family size and area are shown in appendix ( Figures A4-A7 ).
Notice that the situations in which affordability changes are not negligible are those in which the dynamics of that utility price significantly differ from the overall consumer price index. This is the case for electricity (see Figure 1 ), but also -especially in the warm area -for water (water tariffs were almost constant in all southern and island regions in 1998-2005) and heating (the price of heating gas increased more than 50% in Palermo).
So far we have documented what happened to Italian utility prices in the period 1998-2005, but we have not really made an evaluation of whether these changes in utility prices can be attributed to reforms. In order to tackle this issue, we need to study what could have happened without these reforms. This is the goal of the next section.
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6 An attempt to design a "counterfactual scenario"
In order to bridge the gap between a description of "utility poverty" trends and an evaluation of policy reforms, we need to ask whether these reforms actually made a difference.
However, the answer depends on "what could have happened", had the reforms not been put in place. This requires building a counterfactual scenario, where we conjecture price dynamics for utilities without any reforms. We are aware that any hypothesis in this direction is "speculative", but -given this -we consider the exercise anyway worthwhile.
To the best of our knowledge, this exercise has not been tried with Italian data. Similar attempts in this direction have been carried out on the US 26 , where the reforms intervened in relatively open markets, and where a counterfactual exercise is thus particularly hard. Relative to the US, the Italian case has an important advantage. Before the reforms, all final prices were formed on the basis of fairly established rules. The main cost component for electricity (wholesale prices) was translated into final prices according to an index, which has been calculated even after the reform. Although the levels of imported gas prices are hard to know, the dynamics of international gas prices are fairly well known.
Therefore, in order to predict what prices could have been without the reform, the most plausible hypotheses on the dynamics of natural gas, water and electricity prices are simply the elements of a "business as usual" scenario, where prices are formed according to the rules which were in place before the Nineties' reforms. More precisely, specifically referring to each utility, we consider the following scenario:
1. Electricity. According to the regulator (see Aeeg, 2006) , 2/3 of the total price of electricity for small customers depend on the wholesale price, while the remaining third covers other costs (transmission, distribution, taxes). Before the reform, the wholesale price was indexed to a parameter calculated by the Authority, the so called CT (cost of electricity production using fossil fuels). Other costs were typically covered ex-post, and we may assume that they could vary in line with inflation. Our counterfactual price thus changes according to a weighted average of the CT and of actual inflation, where the weights are those suggested by the regulator. In Figure 6 , the Italian consumer price index for electricity is drawn along with the production cost index (CT) and our counterfactual price series. The consumer price did not absorb the changes in wholesale prices, and consumers were protected both from cost variability and probably from a high average wholesale price. The resulting counterfactual time series of the electricity tariff is dramatically different from the actual one, both for steeper growth and higher variability.
2. Natural gas. Despite the reforms started in the second part of the Nineties, only from 2001
have we some effect of the reforms on final prices, as until then the final gas price was formed according to the old rules. In the old regime, the final price was made of three parts:
fixed transport costs, distribution costs and wholesale price. The first component was indexed to inflation, the second one varied according to local investment decisions (in 1997 there were about 700 distributors) but in practice followed inflation quite closely, and the wholesale price was indexed to wholesale national diesel prices. 27 This established a close correlation between national diesel and gas prices, which we estimate, and we assume would have continued, had the reform not been introduced. The decision 237/00 by the energy authority has changed things quite drastically, stating that since 2002 the pass through of wholesale prices to consumers should be indexed to a mix of international fuel prices, while regulated components followed a RPI-x rule. The result is shown in Figure 7 . In order to preserve the observed heterogeneity in local gas prices, we use this national counterfactual index to construct local (counterfactual) price indices. So, for each region we first regress the local (actual) gas price growth onto the national gas price growth using simple linear regressions, and then use these coefficients to estimate regional (counterfactual) price indices on the basis of the national counterfactual scenario.
Finally, notice that the gas price is only one of the prices, relevant to heating affordability.
The fraction of houses heated with natural gas varies between 25% (in warm areas) to 82% in the (high consumption) cold regions; almost all other houses either have no heating, or use diesel. The price of diesel is not directly affected by the reform and therefore its counterfactual price is assumed to coincide with its actual price. The price index used to analyse how affordability would have changed without the reform keeps into account this proportion. Having made precise how utility prices are determined in our counterfactual scenario, we can now start the affordability analysis, where general inflation and income dynamics are taken as given. The affordability analysis under this scenario is summarized in Figure 9 below (utility specific graphs are in the Appendix). In this graph we compare the actual 2005 distribution of the "potential bill to actual total expenditure" ratios with the alternative scenario. In almost all cases, either the two estimated cumulative distribution functions overlap, or the counterfactual distribution is to the right of the real one. 28 This certainly holds for the total utility bill, and suggests that in 2005 all households would prefer the actual situation to the one which would have emerged without the reform process. That is, on average the control over tariff dynamics protected the consumer.
As we have seen, the sector where the difference between the actual situation and the counterfactual scenario is largest is electricity. To this end, a significant role has been played by the fairly high value of the x factor, set by Aeeg on the electricity infrastructures, whose price has been decreased by more than 20% over the period. As for generation, the CT was probably a fairly generous way of remunerating generators, and the change in the fuel usage of the generating plants (some have been converted from fuel oil to gas) might probably explain part of the good result obtained. Although this can only partially be due to the reforms, notice that these cost decreases would not have been passed on to the consumers under the previous regime, where the (rarely updated) cost index CT has been for long time the sole reference point.
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In natural gas, the counterfactual price is only slightly higher than the actual price. The difference is partly due to the separation of gas prices from national diesel prices, and partly it is due to the RPI-x system for infrastructure, which has decreased the regulated components of the final price. This effect is less pronounced than in electricity, as in gas the new regime was applied later and in a less "aggressive" way.
As for water services, actual end-of-period prices are higher than they would otherwise have been. The gap opened up since 2003, namely when the new price regime has really been implemented, and this is at least partly due to the need to increase prices to cover planned investments. However, notice that this sector also lacks a national regulatory authority and a price system, really able to prompt efficiency. To what extent the current price level may also be due to poor regulation, is still an open issue.
Conclusions and policy implications
We have investigated how the implementation of Italian public utility reforms had an impact on the affordability of water, electricity and heating for households. So we have briefly documented the Italian public utility reforms in water, electricity and gas sectors with specific emphasis on price dynamics in the period 1998-2005. We then have looked at expenditure for these utilities on family budgets over the same period. Then, we have proposed an affordability index for public utility consumption conditional on demographic, climatic and family indicators, providing estimates. In particular, our affordability index was built on a "reference basket" for the consumption of utility services. In doing so we must explicitly identify the quantity of services the policy makers should refer to when evaluating the consumer welfare effects of a reform. We have identified the reference basket considering the consumption of the poorest part of the population, but in principle the definition of the potential bill can be the outcome of a bargaining process between consumers, service providers and market regulators.
The standard approach discusses affordability with respect to actual consumption. Therefore, unlike our approach, it implicitly assumes that current consumption levels and distribution are socially desirable, neglects the case of under and over-consumption, and requires an estimate of a utility demand system in order to predict the effects of any tariff reform. 28 The only exceptions refer to water expenditure in cool and cold areas. The differences are extremely small and refer to the utility with the lowest share in total expenditure.
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Our results show that taking into account territorial heterogeneity is crucial for a meaningful measure of affordability, and therefore to improve targeting policies aimed at alleviating the problem. Our main finding indicates that, in the period considered, reforms in water, natural gas and electricity markets were not accompanied by exacerbated affordability issues in Italy. Moreover, the counterfactual exercise confirms the positive effects of those reforms on households welfare.
Possible extensions could include an analysis of the effects of future price reforms on households' welfare. The issue of the sustainability of utility prices especially for poor households may be linked to the regulators' choices, in that utility prices also have a distributional effect. If we could forecast that certain utility prices must increase, how to design tariffs in order e.g., to minimise the negative consequences on poorer households becomes particularly relevant. Our analysis could also provide guidance on how tariffs could be adjusted to meet concerns about welfare distribution among different income groups.
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